The assembly pathway of outer membrane protein PhoE of Escherichia coli.
The assembly of the wild-type and several mutant forms of the trimeric outer membrane porin PhoE of Escherichia coli was investigated in vitro and in vivo. In in vivo pulse-chase experiments, approximately half of the wild-type PhoE molecules assembled within the 30-s pulse in the native conformation in the cell envelope. The other half of the molecules followed slower kinetics, and three intermediates in this multistep assembly process were detected: a soluble trypsin-sensitive monomer, a trypsin-sensitive monomeric form that was loosely associated with the cell envelope and a metastable trimer, which was integrated into the membranes and converted to the stable trimeric configuration within minutes. The metastable trimers disassembled during sample preparation for standard SDS/PAGE into folded monomers. In vitro, the isolated PhoE protein could efficiently be folded in the presence of N,N-dimethyldodecylamine-N-oxide (LDAO). A mutant PhoE protein, DeltaF330, which lacks the C-terminal phenylalanine residue, mainly followed the slower kinetic pathway observed in vivo, resulting in increased amounts of the various assembly intermediates. It appears that the DeltaF330 mutant protein is intrinsically able to fold, because it was able to fold in vitro with LDAO with similar efficiencies as the wild-type protein. Therefore, we propose that the conserved C-terminal Phe is (part of) a sorting signal, directing the protein efficiently to the outer membrane. Furthermore, we analysed a mutant protein with a hydrophilic residue introduced at the hydrophobic side of one of the membrane-spanning amphipathic beta strands. The assembly of this mutant protein was not affected in vivo or in vitro in the presence of LDAO. However, it was not able to form folded monomers in a previously established in vitro folding system, which requires the presence of lipopolysaccharides and Triton. Hence, a folded monomer might not be a true assembly intermediate of PhoE in vivo.